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http://dx.doi.org/10.1016/j.jmii.2014
1684-1182/Copyright ª 2014, TaiwanObjective: Systemic lupus erythematous (SLE) is a systemic and complex disease that can
involve multiple organs. To clarify the risk of developing associated comorbidities after a diag-
nosis of SLE in children, we used the National Health Insurance Research Database (NHIRD) in
Taiwan to investigate diseases experienced in these patients. This is the first nationwide
population-based study of the comorbidities of pediatric SLE patients.
Methods: The study was based on data from the NHIRD in Taiwan. Children were enrolled who
were below the age of 18 years and whose disease corresponded to the International Classifi-
cation of Disease, Ninth Revision Clinical Modification (ICD-9-CM) diagnostic code of 710.0
(SLE). The comorbidities associated with SLE were defined by the ICD-9-CM codes of diseases
that presented after the SLE diagnosis. We analyzed the common diseases in SLE patients and
compared the frequency of these diseases between pediatric SLE patients and the non-SLE
population.
Results: From January 1, 2003 to December 31, 2008, we enrolled 904 SLE patients (774 fe-
males, 130 males). Infection (86.36%) was the most common comorbidity in pediatric SLE.
Other comorbidities were musculoskeletal diseases (16.7%), cardiovascular diseases
(16.37%), ocular diseases (10.73%), and renal diseases (6.75%). Children with SLE had a higherediatric Allergy, Asthma and Rheumatology, Department of Pediatrics, Chang Gung Memorial Hospital
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258 P.-C. Chan et al.risk of heart failure, hypertension, osteoporosis, cataracts, glaucoma, dyslipidemia, seizures,
encephalopathy, and malignant changes, compared to non-SLE populations.
Conclusion: The population-based cohort demonstrated several systemic and/or chronic dis-
eases in pediatric SLE patients in Taiwan. Children with SLE were more susceptible to these
diseases, including malignancy, compared to the non-SLE population.
Copyright ª 2014, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. All rights
reserved.Introduction
Systemic lupus erythematosus (SLE) is a complex and
chronic autoimmune disease with widely varying clinical
manifestations and multiorgan involvement. The disease
may present with acute, severe, and life-threatening
symptoms, or present as a fluctuating and chronic process
that impacts several systems and increases the risk of ma-
lignancy.1,2 In the past decades, the survival of SLE patients
has improved in adult and pediatric populations because of
increased awareness, early diagnosis, increased availability
of immunosuppressants, and improved treatment of asso-
ciated complications.3e5 This improvement highlights the
importance of treating comorbidities that accompany the
disease or its treatment because any treatment should add
years to life and add life to years. Furthermore, the known
comorbidities that are associated with the disease itself or
are a side effect of therapy are independent risk factors for
mortality.6,7 Several population-based studies have been
performed on the disease characteristics and comorbidities
in adult SLE patients; however, large-scale research in the
pediatric population is limited or focuses only on the spe-
cific disease.8e13 Pediatric SLE is different from the adult
form, regardless of the clinical manifestation or outcome.
Because children with SLE experience more severe disease
activity and a longer period of damage accumulation,14e18 a
comprehensive and population-based survey of the comor-
bidities of pediatric SLE is an issue that urgently needs to be
addressed.
Between 2003 and 2008, in an attempt to clarify char-
acteristic comorbidities in children with SLE, we investi-
gated the frequency of associated diseases and evaluated
the most common diseases in pediatric SLE patients in
Taiwan. We also distinguished the relative risk of these
associated diseases in SLE patients, compared to the gen-
eral population.
Materials and methods
The study was based on data from the National Health In-
surance Research Database (NHIRD) in Taiwan. In March
1995, the National Health Insurance (NHI) service was
initiated in Taiwan to provide comprehensive medical care
to the public. According to the NHI annual statistics report,
the coverage rate of NHI in 2007 was nearly 99% of the
entire population of Taiwandmore than 25 million people
were enrolled in this program. The NHI database consists of
the enrollees’ integrated information such as demographicdata, clinic visits, diagnosis, prescriptions, and hospitali-
zation. The Major Illness/Injury Database is a subpart of the
NHIRD, which enrolled people with major and/or chronic
diseases such as malignancy or disability. The miserable
population applied for a major illness/injury certificate to
receive exemption from copayments. Diagnosis and appli-
cation for a major illness/injury certificate were proposed
by clinical physicians, based on the 1997 update of the
American College of Rheumatology classification criteria
(ACR97; which includes the clinical manifestation and lab-
oratory evidence) for SLE. To assure all enrollees fulfilled
accurate diagnostic criteria, the Bureau of the National
Health Insurance sifted and validated the applications
again with a medical records review that included clinical
manifestations, physical examination, and laboratory and
image studies. Therefore, the diagnosis of the enrolled
patients with SLE was highly accurate and reliable.
We used the International Classification of Disease,
Ninth Revision Clinical Modification (ICD-9-CM) codes to
define the comorbid diseases. Patients were defined with a
systemic or specific disease, if the corresponding ICD-9-CM
code presented after SLE and it was repeated at least three
times either with outpatient claims or on hospitalization.
For the accuracy of diagnosis, all comorbid diagnoses
should satisfy ICD-9-CM code criteria and the associated
medication. For instance, a diagnosis of urinary tract
infection was indeed defined by the corresponding ICD-9
code, which was repeated at least three times, and by the
antibiotic treatment. All associated diseases were further
divided into subgroups by system or by disease character-
istics such as cardiovascular diseases, infection, malig-
nancy, neurological diseases, gastrointestinal diseases,
metabolic disease, renal diseases, ocular diseases, and
musculoskeletal diseases (Table 1).
From January 1, 2003 to December 31, 2008, patients
with SLE were enrolled in the study. The patients with SLE
were selected from the Catastrophic Illness Database with
the corresponding ICD-9-CM code 710.0 (SLE) and were
younger than 18 years of age. All patients were divided into
groups by sex. The comorbidities of systemic lupus ery-
thematosus were defined by the ICD-9-CM codes of the
diseases that presented after SLE. By excluding the patients
with ICD-9-CM codes corresponding to SLE, the non-SLE
population was extracted randomly from the general pop-
ulation. Individuals of this population were aged younger
than 18 years and without a diagnosis of SLE in the Statis-
tical Yearbook of the Interior (http://sowf.moi.gov.tw/
stat/year/list.htm), an official publication of Taiwan’s
Ministry of the Interior.
Table 1 International Classification of Disease, Ninth Revision Clinical Modification (ICD-9-CM) codes for the comorbidities
Comorbidity ICD-9-CM codes
Cardiovascular
Hypertension 401, 402, 404e405
Ischemic heart disease 410e412, 413, 414, 414.0, 414.00, 414.01, 414.04, 414.8, 414.9
Cardiopathy 429, 429.7
Congestive heart failure 398.91, 402.11, 402.91, 404.11, 404.13, 404.91, 40493, 428
Cerebrovascular diseases 430e437
Peripheral vascular disorders 440, 441.2, 441.4, 441.7, 441.9, 443e444, 447.1
Neurological
Epilepsy 345, 345.1, 345.4, 345.5, 345.7, 345.8, 345.9
CNS abnormalities 330e331, 331.7, 331.8, 331.89, 331.9, 341, 341.0, 341.8, 341.9
Encephalopathy 348.3, 348.9
Metabolic disease
Diabetes mellitus 250
Dyslipidemia 272.0e272.4
Hepatic and gastrointestinal
Autoimmune hepatitis 5714, 571.40, 571.41, 571.49, 571.8, 571.9, 794.8
Gastrointestinal bleeding and ulcer 578, 530e535
Malignancy
Lymphoma (including non-Hodgkin lymphoma) 200, 202e203
Leukemia 204e208
Solid tumor 140e199
Infection
Lower respiratory tract infection 480e487, 490
Urinary tract infection 590, 595.9, 597, 599
Musculoskeletal
Osteopenia 733, 733.0, 733.00, 733.02, 733.09
Avascular necrosis 733.4
Osteoarthritis and arthropathy 715, 716.90, 726.90
Ocular
Cataract 366, 366.0, 366.17e366.19, 366.3, 366.4, 366.44, 366.8, 366.9
Glaucoma 365
Pulmonary 517.8
Renal
Renal failure 585, 586
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We calculated the proportion of comorbidities presenting in
the pediatric population and in the adult SLE population. A
Chi-square test was used to compare the difference be-
tween pediatric SLE patients and non-SLE population in the
proportion of comorbidities. The NHI database included
nearly 99% of the entire population and represented a
nationwide feature: the standard general population. We
compared the groups with relative risk. A value of p < 0.001
was considered statistically significant. The confidence in-
terval is not reported in this study because the data are
from a national population rather than from a sample. For
statistical analysis of the data in this study we used SAS
statistical package (SAS System for Windows, version 9.0,
SAS Institute, Cary, NC, USA) and SPSS software (version
17.0, SPSS Inc., Chicago, Illinois, USA).
Results
During the period from January 1, 2003 to December 31,
2008, a total of 904 SLE patients (774 female, 130 male)were enrolled. The number of patients, based on different
age groups at the initial diagnosis, were 4 patients in age
group 0e3 years; 16 patients in age group 4e6 years; 44
patients in age group 7e9 years; 120 patients in age group
10e12 years; 270 patients in age group 13e15 years; and
450 patients in age group 16e18 years. Table 2 shows the
frequency of comorbidities in the SLE patients and in the
general population and the relative risk of each disease
between the groups. End-stage renal disease was the
highest risk comorbid condition in SLE patients [relative
risk (RR), 115.77], compared to the normal populations.
Compared to the non-SLE population, patients with SLE had
a significantly higher risk of ischemic heart disease (RR,
4.42), heart failure (RR, 13.98), hypertension (RR, 52.31),
cerebrovascular disease (RR, 8.28), osteoporosis (RR,
17.96), osteoarthritis and arthropathy (RR, 3.05), cataracts
(RR, 18.53), glaucoma (RR, 9.01), dyslipidemia (RR, 12.07),
autoimmune hepatitis (RR, 3.53), lymphoma (RR, 22.82),
other solid tumors (RR, 4.74), and urinary tract infections
(RR, 2.21) (p < 0.001 in all patients). Fig. 1 shows the
percentage ofSLE patients with comorbidities. Infection
(86.36%), musculoskeletal diseases (e.g., osteoporosis and
Table 2 The percentage of comorbid diseases in the pediatric SLE and non-SLE populations and the relative risk between the
groups
SLE patients (n Z 904) Non-SLE patients (n Z 5,486,808) RR p*
N % N %
Cardiovascular Heart failure 15 1.66 6513 0.12 13.98 <0.001
Cardiopathy 6 0.66 27,075 0.49 1.35 0.47
Hypertension 112 12.39 12,995 0.24 52.31 <0.001
Ischemic heart disease 6 0.66 8244 0.15 4.42 <0.001
Cerebrovascular Cerebrovascular disease 18 1.99 13,192 0.24 8.28 <0.001
Metabolic Dyslipidemia 61 6.75 30,673 0.56 12.07 <0.001
Diabetes mellitus 9 1.00 21,213 0.39 2.58 0.003
Renal Renal failure 61 6.75 3198 0.06 115.77 <0.001
Musculoskeletal Osteoporosis, including AVN 39 4.31 13,177 0.24 17.96 <0.001
Osteoarthrosis and arthropathy 96 10.62 191,245 3.49 3.05 <0.001
Gastrointestinal GI bleeding 11 1.22 24,652 0.45 2.71 0.001
Autoimmune hepatitis 60 6.64 103,158 1.88 3.53 <0.001
Ophthalmologic Cataracts 25 2.77 8188 0.15 18.53 <0.001
Glaucoma 54 5.97 36,365 0.66 9.01 <0.001
Infection Lower airway infection 297 32.85 2,193,143 39.97 0.82 <0.001
Urinary tract infection 217 24.00 595,069 10.85 2.21 <0.001
Neurological CNS abnormality 6 0.66 4826 0.09 7.55 <0.001
Seizure 15 1.66 16,218 0.30 5.61 <0.001
Encephalopathy 9 1.00 11,488 0.21 4.75 <0.001
Malignancy Lymphoma (including NHL) 6 0.66 1596 0.03 22.82 <0.001
Other solid tumors 14 1.55 17,935 0.33 4.74 <0.001
* p < 0.001 indicates statistical significance.
AVN Z avascular necrosis; CNS Z central nervous system; GI Z gastrointestinal; NHL Z non-Hodgkin lymphoma; RR Z relative risk;
SLE Z systemic lupus erythematosus.
Figure 1. The percentage of comorbidities in pediatric SLE patients. Using the International Classification of Disease, Ninth
Revision Clinical Modification (ICD-9-CM) codes, diseases that presented after the diagnosis of SLE were identified. All associated
diseases were further divided into subgroups by system or by disease characteristics such as cardiovascular diseases, infection,
malignancy, neurological diseases, gastrointestinal diseases, metabolic disease, renal diseases, ocular diseases, and musculo-
skeletal diseases (Table 1). Patients were classified into the group of systemic disease or specific disease, if they met any ICD-9-CM
code in these categories. Neurological diseases include abnormalities of the central nervous system, seizures and encephalopathy;
malignancy includes lymphoma, non-Hodgkin lymphoma, and other solid tumors; cardiovascular diseases include heart failure,
ischemic heart disease, cardiopathy, and hypertension; gastrointestinal diseases include gastrointestinal bleeding and autoimmune
hepatitis; ocular diseases include cataracts and glaucoma; metabolic diseases include dyslipidemia and diabetes mellitus; renal
diseases include end-stage renal disease; musculoskeletal diseases include osteoporosis, avascular necrosis, osteoarthritis, and
arthropathy; infection includes lower respiratory tract infection and urinary tract infection. SLEZ systemic lupus erythematosus.
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Comorbidities of systemic lupus erythematosus 261avascular necrosis; 16.70%), cardiovascular diseases
(16.37%), ocular diseases (e.g., cataracts and glaucoma;
10.73%), metabolic diseases (7.63%), and renal diseases
(6.75%) were the leading comorbidities that impacted all
children with SLE.Discussion
The present study is the first nationwide population-based
study on the comorbidities of pediatric SLE patients. We
identified the proportion affected and the relative risks of
comorbidities in pediatric SLE patients in Taiwan.
Despite improvements in treatment strategies, infection
remains the leading disease associated with SLE patients in
Taiwan, in particular urinary tract infection.19e22 However,
lower respiratory tract infections in the SLE patients in this
cohort seemed to achieve favorable outcomes, compared
to the outcome of the non-SLE population. This may be
attributed to the decreased prevalence of lupus, but higher
incidence of viral bronchiolitis, viral pneumonitis, or atyp-
ical pneumonia at a young age.
Apart from infection, the comorbidities in SLE children
most frequently involved cardiovascular diseases (28.54%),
musculoskeletal diseases (16.7%), ocular diseases (10.73%),
metabolic diseases (7.63%), and renal diseases (6.75%). Any
underlying damage may result from the nature of SLE or
could result from the medical intervention. Corresponding
to our disease domain, we reviewed the literature reporting
comorbidities in children with SLE. Several small-sized
studies have previously focused on the comorbidities in
children with SLE.
The Systemic Lupus International Collaborating Clinics/
American College of Rheumatology (SLICC/ACR) Damage
Index score (SDI) was the primary outcome measure of the
accumulated and irreversible damage that results from dis-
ease activity and from the adverse effects of medications. It
has been validated as an instrument for documenting SLE-
associated morbidity in adult patients and in pediatric
patients.23e25 The SDI assesses 12 organ systems with scores
ranging from 0 to 47. The definition of damage index includes
specific disease severity and duration. In some chronic and
comparatively steady conditions such as cataracts, end-
stage renal disease, avascular necrosis, or osteoporosis, the
damage index may correspond to our disease classification.
Brunner et al14 retrospectively investigated disease ac-
tivity and damage in 66 patients with a mean follow up of
3.3 years (3.3  2.0 years). They found that damage
occurred primarily in the ocular system (43.9%), musculo-
skeletal system (25.7%), neuropsychiatric system (10.6),
and renal system (9.0%).
Similar findings were documented in a multicenter,
multinational study with a longer follow-up period (mean
follow up, 5.0  3.6 years). Ravelli et al18 determined the
accumulated damage in 387 patients enrolled in a European
pediatric rheumatology center. Damage to the renal system
(21.8%) exceeded other problems and was followed by
damage to the neuropsychiatric domain (15.8%), musculo-
skeletal domain (11.7%), and ocular domain (10.9%).
In 2006, Bandeira et al23 focused on the relationship
between damage accrual, disease flares, and cumulative
drug therapies in juvenile-onset SLE. In this study, 57patients were followed prospectively in three tertiary
centers for 3 years or more. Damage accrual was significant
in the ocular domain (12.3%) and renal domain (12.3%).
With slight differences in the proportions, a cross-sectional
study of 181 patients with a mean follow up of 3 years also
found that the most frequent areas of damage were in the
renal domain (13%), neuropsychiatric domain (10.7%),
musculoskeletal domain (10.7%), ocular domain (8.2%), and
skin domain (7.6%). Some instances of renal disease such as
an acute stage of glomerulonephritis or nephrotic syndrome
may have a limited presentation at the initial diagnosis or
acute flare up because renal involvement is a diagnostic
criterion and is the most common manifestation in juvenile-
onset SLE. Thus, we defined the associated diseases as
limited to the chronic state and their ICD-9 codes should be
repeated more than twice either in an outpatient depart-
ment or on hospitalization. Since the early 1990s, when
pulse cyclophosphamide therapy was introduced for treat-
ing lupus nephritis, the incidence of end-stage renal disease
secondary to lupus has dropped significantly. The percent-
age of renal failure (i.e., end-stage renal disease) in our
cohort was 6.75%, which is consistent with previous
studies.22,26 We demonstrated that the levels of permanent
renal damage and end-stage renal disease were similar to
the levels in the general population in developed countries.
Furthermore, hypertension was present in 12.39% of our
pediatric SLE patients. Hypertension is an independent risk
factor for the progression of renal diseases and often de-
velops in the pediatric SLE population because of prema-
ture atherosclerosis resulting from renal disease, chronic
inflammation, and prolonged steroid use, as described in
previous reports.26e30
A population-based study showed that adult SLE patients
have a higher risk of malignant change, whether the ma-
lignancies were hematological (e.g., non-Hodgkin’s lym-
phoma) or solid tumors,31 and a similar phenomenon
occurred in different ethnic groups, which constituted our
cohort.32e35 The mechanism linking malignancies and SLE
remains unclear. An increase in malignancies may result
from the inflammatory nature of lupus or from the immu-
nosuppressive treatments for SLE. The results of the pre-
sent nationwide study were consistent with the
involvement of some domains in a serial literature review
and demonstrate the clinical risk of several systemic dis-
eases that occur in children with SLE.
Neuropsychiatric disease was likely to be under-
estimated because limited information was available con-
cerning neuropsychiatric disease without a detailed chart
review. For instance, without detailed chart reviews, it can
be difficult to differentiate cognitive impairment associ-
ated with lupus from an undocumented underlying devel-
opmental problem.
Compared with the non-SLE population, children with
SLE had a relatively higher risk of several systemic diseases
such as hypertension, heart failure, dyslipidemia, renal
failure, osteoporosis and avascular necrosis, autoimmune
hepatitis, cataracts, glaucoma, urinary tract infections,
central nervous system abnormalities, seizures, encepha-
lopathy, and lymphoma, all of which were statistically
significant (p < 0.001). The susceptibility to diseases may
be influenced by several intrinsic and acquired etiologies
related to lupus itself, or related to commonly used
262 P.-C. Chan et al.immunosuppressive therapies. Because of the limitations of
the information obtained from the database, we were un-
able to acquire accurate data regarding the age at disease
onset, family history, disease activity, and the cumulative
dose of the immunosuppressant therapy to clarify such re-
lationships. The current study only showed the correlation
and relative risk between diseases, but not a causal rela-
tion. Another limitation is that the follow-up period could
not be defined clearly. Further study to clarify the onset of
SLE disease and its comorbidities is necessary. The clinical
significance of this study is to remind physicians of the
development of possible comorbid conditions when
following up with SLE patients. Because the comorbidities
impact the quality of life and are a risk factor for mortality,
recognizing the association between damage accumulation,
medical intervention, and the timing of the occurrences of
comorbidities is an important issue.
The present cohort is the first nationwide population-
based study on the comorbidities of pediatric SLE. We
demonstrated that characteristic diseases are associated
with SLE in the pediatric population. The leading comor-
bidities of children with SLE in Taiwan are infection, renal
diseases, musculoskeletal diseases, cardiovascular dis-
eases, and ocular diseases. Compared to the non-SLE pop-
ulation, children with SLE were more susceptible to these
diseases, even malignancy.
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